The antigenicity of purified flagellin prepared from the single polar flagellum of Vibrio parahaemolyticus was found to be common to that of all strains tested, i.e., V . alginolyticus, V . cholerae, V . anguillarum, V . piscium, V . ichthyodermis, Beneckea natriegens, B . campbellii, B . nereida, B . pelagia, and B . neptuna. On the other hand, the antigenicity of purified flagellin prepared from the lateral flagella of V . parahaemolyticus was common to that of V . alginolyticus but not to that of B . campbellii or B. neptuna. Some physicochemical properties of flagellin from the single polar flagellum of V . parahaemolyticus were found to be similar to those of flagellins from other strains, such as those of V. anguillarum and B . neptuna.
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Vibrio parahaemolyticus possesses lateral flagella in addition to a polar monotrichous flagella in addition to a single polar flagellum under certain culture conditions (1,3,4, 16-18>. (In previous papers from this laboratory [8, 11- 131, lateral flagella were described as peritrichous. However, to distinguish them from the flagella of true peritrichous cells, such as those found in Enterobmteriaceae, we use the term lateral flagella in this paper.) Previously, we reported an antigenic difference between the polar and lateral flagella of V . parahaemolyticus (8, 12, 13) . In addition to the antigenic difference, several other different properties of these two flagella were reported. Lateral flagella were produced only on agar plates (3, 17, 18) and were easily removed from the cells mechanically (17, 18) , whereas the single polar flagellum was produced either in liquid medium or on agar plates (3, 17, 18) and could only be removed from the cells by vigorous agitation (7) . The single polar flagellum has a sheath-like structure, whereas the lateral flagella do not (1, 7, 17, 18) . Moreover, lateral flagella are of the curly type, whereas the single polar flagellum is a normal type (17,181. This paper reports studies on the distribution of these two kinds of flagellar antigens in various species of the genus Vibrio and related genera.
MATERIALS AND METHODS
Strains and growth media. The Vibrio and Beneckea strains used are listed in Table 1 Preparation of crude flagellin solution. Cells grown overnight at 25 C on plates containing 20 ml of MMOF agar were suspended in 2 ml of 0.01 M phosphate buffer (Na,HPO,-K,HPO,, pH 7.0) containing 0.9% NaCl and heated at 65 C for 10 min to solubilize the flagella. The mixture was centrifuged at 9,000 x g for 15 min, and the supernatant was used as the crude flagellin solution. Cells of V . cholerae were mixed with 3% phenol and then dialyzed before being heated.
Preparation of purified flagellin. The procedures used for purification of flagella were essentially as described previously (7, 13) . Cells were grown on MMOF agar at 25 C overnight, and then their flagella were removed by vigorous agitation in a Waring blendor (8,000 rpm for 5 min). The flagella from each strain were purified by differential centrifugation, treatment with diethylaminoethyl-cellulose, and zone electrophoresis on Pevikon (2-870, as described previously (7, 13). The flagellins were then prepared from the purified flagella and filtered through a Sephadex G-100 column. Each type flagellin was subjected to hydroxyapatite column chromatography. 97 ' Subgroup of Gardner and Venkatraman.
INT
Preparation of anti-flagellin antiserum. A solution of about 200 pg of purified flagellin in 5 ml of 0.01 M phosphate buffer (pH 7.0) was emulsified with an equal volume of Freund incomplete adjuvant (Difco). The emulsion was inoculated intramuscularly into rabbits weighing 2.5 to 3 kg. After 2 weeks, the rabbits were again inoculated with the same amount of emulsion. Two additional intravenous injections of 2 ml of flagellin (100 pg) were then given at intervals of 1 week; antiserum was obtained 1 week after the final immunization.
Gel diffusion test. The plate method of Ouchterlony (9) was used for the gel diffusion test with 0.7% agar (Noble; Difco) in 0.01 M tris(hydroxymethy1)-aminomethane-hydrochloride buffer (pH 7.0). Samples were put into the wells, and the plates were placed in a humidified incubator a t 37 C.
Assay of protein and phosphate ion concentration. Protein concentration was determined by the method of Lowry et al. Analysis of the amino acid composition of flagellin. About 500 pg of flagellin was hydrolyzed with 2 ml of 6 N hydrochloride at 105 C for 12 h in a sealed glass tube. The mixture was dried in a vacuum evaporator, the residue was dissolved in 2 ml of 0.2 M citrate buffer (pH 2.21, and a 0.5-ml sample was examined in a Hitachi amino acid analyzer, model KLA-5.
RESULTS
Antigenicities of flagellins from various species of the genera Vibrio and Beneckea. Motile strains of V. parahaemolyticus, of the six species of the genus Vibrio, and of the five species of the genus Beneckea .listed in Table 1 were selected on soft-agar media to test the antigenicities of their flagellins. These strains were grown on MMOF agar plates, and crude flagellin solutions were prepared from them and subjected to the gel diffusion test, using antisera against flagellin of V. Some physicochemical properties of flagellins from various species of the genera Vibrio and Beneckea. When the purified flagellin was subjected to hydroxyapatite column chromatography, two distinct peaks were obtained with the flagellins of V. parahaemolyticus and B . neptuna ( Fig. 4A and C) . On the other hand, the flagellin of V . anguillarum gave a single peak upon hydroxyapatite column chromatography (Fig. 4B) . On the basis of our previous data (13), the peak eluted with the lower concentration of phosphate ion is derived from lateral flagella, and that eluted with the higher H2-17, (4 concentration is derived from single polar flagella.
To determine the molecular weights of the flagellins from single polar flagella of these three strains, the flagellins were subjected to Sephadex G-100 gel filtration. All of these flagellins eluted in the same position, indicating that they have similar molecular weights (Fig. 5) . Previously we reported that the molecular weight of flagellin from single polar flagella of V. paruhaemdyticus is about 40,000 (ll), so it is concluded that the molecular weights of the flagellins of single polar flagella of V. anguillarum and B . neptuna are also about 40,000. Table 2 shows the amino acid compositions of the flagellins from single polar flagella of V. parahaemolyticus WP-1, V. anguillarum NCMB 829, and B . neptuna ATCC 25919. The amino acid compositions of these three flagellins are, in general, very similar.
From these results it is concluded that single polar flagella of various species of Vibrio and Beneckea have not only homologous antigenicity but also similar physicochemical properties.
DISCUSSION
In this work the antigenicities of single polar flagella and lateral flagella of various species of the genera Vibrio and Beneckea were studied. 7, 17, 18) . The physicochemical properties of the flagellins of single polar flagella suggested that flagella of various species of the genera Vibrio and Beneckea possess the same protein moiety and that they may share the same antigen determinants.
It is interesting that, among the lateral flagella of the different species examined, only V . parahaemolyticus and V . alginolyticus have homogeneous antigenicity. Each species seems to possess its own specific antigenicity. If so, it may be possible to identify a bacterium by using the specific antiserum against its lateral flagella. Experiments on this are now in progress in our laboratory.
